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(71) Wt, NOSRBOTTBNS JARN- 
VBRK AJB^ a Swedish Body Cotpm» of 
S--951 00 Lnkl^ Sweden, do hefeby declaie 
the inventiaii, for whidi we pray that a patent 
5 mav be granted to uS| and the method liy which 
it u to be petfonned> to be pardculady de> 
scribed in and by the following statement: — 
The invention lelaies to a m^bod of manu- 
f^rcturing^ a hardened steel axtidei pajcticalsd|y 

10 one with small wall thickness and good di- 
mensional trueness. 

For prodttcOog hardened and possibly tem- 
pered thin details, for example of thin sheet 
metal, pieferabfy below 3 mm, with good 

15 dimensional tiueness, heretofore the detail after 
having been formed in a conventional maimer 
was taken out of the forming apparatus posi- 
tioned in a holder to prtvoit subsequent di»* 
toftionj and thereafter bardiaied and, possLbfyj 

20 tempered- This procedure is .complicated and 
involves high requirements on the haiden- 
abilily of the steel used 

The present invention provideis a mediod 
of manufacturing a hardened steel article, in 

25 which a bknk of hardenable s&ed is heated 
to hardening temperature and thereafter placed 
in a forming, apparatus in which blank is 
formed to the desired final shi^ by being 
subjeaed to substantial def oroiadon and simul- 

30 taneous rapid oooUog, such that a martensitic 
and/or bainitic structure is obtained while 
the blank remains in the forming ^paratns, 
whidi serves as a gaufft for pfeventiag diator- 
tion of the blank, 

35 Preferably a blank of unifonm thidmess is 
U5^ and preferabfy the thickness of the 
formed article at anv point dlfEers frcan the 
thicknfiss of the blank by no more than 25% 
of the diickness of die bhmk. 

40 The steel utilized as starting material is pre- 



fera^y a boron-alk^ed carbon steel or carbon 
manmncse steeL lioi ordier to obtain the duired 
oombtnation of hardness and toug^ess whidi 
may render die tempering step unnecessary, 
a ^Bd may be used whidb contains, by wei^, 
loa dual 0«4% carbon, silicon in an amount 
depending on the steel production method bat 
in general befaig insignifinmr, OJ to ZQ% man- 
ganese^ at ma^'nuTm 0.05% i^ios^rus and 
at maTrimum 0^ subhur, 0.1 to 0 J% chrom- 
ium and/or 0.05 to 0.5% molybdenum, up to 
0.1% titanhmi, 0.0005 to 0.01% boron, up to 
a total of 0.1% aluminium and possibly in- 
significant low contents of copper and nidcel, 
possihfy in contents of up to 0.2% each. 

Preferabty the steel "?ntalnft less thsn\ or 
equfiil to 0^% (prcfeiably 0.15 to 025%) 
carbon, filicon in an amoimt depending on the 
sted prodxKiion method but in general being 
iiagnrficanti QJ to lJf% (preferably 0.7 to 
1J%) m anganes e, at mayfmiTm 0.03% phos- 
phsuus and at nundmum 0.04% suJ^^, 0.1 to 
0.3% chromhnn and/or 0.05 to 0.5% niolyb- 
denmn, 0.02 to ai% (preferably 0.02 to 
0X15%) titanhnn, O.0005 to 0.007% (prefer^ 
rf)ly 00005 to 0.005%) boron, 0.03 to 0.1% 
(preferably 0.03 to 0.07%) flitimfahim^ and 
possibly low insiau&ant omtaitB of comes 
and nickel, poasibQr m cmtents of np to 02% 
each. 

The steel is heated to hardening tempera- 
ture^ Le. to a temperature above Acj where the 
sted will be in austmidc stale. The sted pre- 
ferably 28 heated to a temperature between 
775*C and 1000* C 

The forming opeiadon is preferably a press- 
ing <^erati(H^ but the mediod can also use 
other forming tedmiqiies^ sicfa as drop forg- 
ing, exuudon and ca^nostve formixigi 

In tbc preferred pressing ttpcxBtioBi the blank 
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la fonned b^wem two took or agsinst one 
tool by means of some pxessnie medhim. It is 
rfprfrabTe to sppfy a qindc-<>fKrating press so 
^mrfgwM ^at the pootion iad fpeed of the 
S tcud(8) can be cQntzoUed dnnng the entoe 
process. It i% thu% desiied diat fonniog takes 
place in less than five secttid^ ptcfoabhr 
less tiian three seconds^ so that forming is 
completed before die desiied hardening stnx&- 

10 tore is att&incd* 

The foimixig and cooling operation is id 
to be caxxied out so rapidly that a fine^iain 
madensitic mii/cs bamidc structme is db- 
tabled. The necessary rapidity depends on die 

15 anafysiB of the stec3» i^ on its Conthmoiis 
finnitfig Transfonnadon graph (OCr-^ngili)* 
The rapid cooling pref^^^ ffonrihiifa after 
deformation has been complecied, with the 
pressed blank remainn^ in the fioamng de- 

20 vice. Coolmg of the pressed article nugr be 
effected ihdflectltsr bv cooling parts of tte 
fanning device and/or directly by bringhtg 
the pressed blank mto direct contact with 
some coQHng medhim. The tool or tools serves 

25 or serve as a gauge daring die cooling <meca- 
tlon, so that the final prodncc obtaffled has 
good dimensional tzueness. 

usmg the preferred &£d it is possible 
to manufacture bearing sheet or shell 

30 structures with hi^ BtiengdL The ogmKnation 
of high stcength and grod tenadiy penzuts 
die manufactaie dso oi eaacgy abac^bing (Le. 
shock absoibisg) details, ^r^^m^ (mttem- 
pered) sheet stnictures are hitended espedafo 

35 m use in trannwrt vehicles far parts which 
can be expected to have to take iQ> diods 
during collision^ priznar^ the bumpex^ but 
also odier body dtoils. It m^ geo^aD^ be 
said diat vehicle parts v^iich ate farpngfid or 

40 for wliich there is a risk ai becoming esposed 
ID heavy shocks advantageously ^uld be 
noanufactured according to the invendon by 
utilizing the preferred steel specified above: 
It is a great advantage that me steel can be 

45 used m hardened state widiout subsequent 
tempering, because it reduces the heat treat- 
ment by one step and diminaies a source of 
jgmgnftimml nsaoourBcy. The resobing article^ 
morfioveTj are harder. 



For achieving a full effect of the low boron 
contmt of 0.0005 to 0.01% tfabe bonm addidon 
to tluB steel is to be made after die contmcs of 
titanfiim and alnmimum indicated above have 
b«n addedj so tliat oxygen and nitrogen ere 
ateaiy bound whoi hmm is being added. 
Bor^ steel is a weld^Ie structural sted^wfazdi 
is givea extremety hig^ strength in combina* 
doa wzdi good tougEoess by a sinmie heat 
treatment. A yield point of greater man 120 
Iqp/mm'j widi an dongation of about 10% 
at fracture^ is not unusual The relative^ high 
hardness in oombmatton with a good cuonga- 
tion after liardenmg provides the boron seed 
with veiy good Arac-absoibing properties, 
^di reflect to its ba% analysis the boron 
Aeei is a carbon manganese steely which by 
a special metalhirgical treatment and by alloy- 
ing widi boron has been given very good 
hardening pro perties . Owing to die boron addi- 
tiopi the ried after its hardenbg by water or 
ofl cTueocbh^ exhibits a fiue^^ram structure 
cona&tiQff of low-tempesatore bainifie and tem- 
pered hisjh-teaperHtnre manensite. It is by 
ibis structure iSat the bonm sted shows its 
combi iT^^ff n of harduus and twi^g^mftB^ ip con— 
tiast to a sted not allayed widi borcniy whidi 
after hi>«iwiiwg ediibits a bntde har^tnin^ 
structure. 

A boroo-allqyed sted has^ in addition to die 
aforesaid improvements in its mechanicd pro- 
perties^ a much better penetration Twnienfng 
Cflpflrity than a sted with the same base 
analysis without a boron addidon. 

The very high streogdi properties and the 
good shodc-absorbiog properties are obtamed 
after the hardenhig. A suitable hardeung tem- 
perature between 775^ C and 1000' C» is 
900^ C For wall thicknesses bdow 6 mm 
qoeofihiog in oil or salt water is recommended* 

EXAMPLE, 
Table 1 shows the results by ws^ of strengdi 
vahies and hardnesses for six dmEerent sted 
analyses formed into hardened aitic&a accord- 
ing to the invention having various wall tfaidc- 
ne88». The fbUowing values may condnsivdy 
be dated as guide vahxes for me mechanical 
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Hot rolled or cold rolled and annealed state: 
8^ kp/nm' fig kp/mm* % 

36-42 50-60 23-55 

(8^ = yield stress, fig - ultimate tensile strength^ $5 31 elongation at fiacture). 

5 Hardened state: The following gmde vahies are obtained, deiMnding somewhat on 

dimension and hardening medium: 

fig fcp/mm*. kp/mm' §5 % Hardness Toaghness 

HRC KCUQOC kp/cm' 

120-150 150-170 g-12 45-50 5-10 

10 (HRC » Rockwell hardness) 

(KCU R impact energy, tested in accordance with lSO/k83). 

With respect to llieir wddabllity, the bmi^- Tables therefore^ can easily be wdded as normal 

aUoyed steels ate to be judged afoer their base h^gh-strength stroctoral stsds. 

analysis, thus dieir carbon and manganese con- WhenSe boron steel is to be welded prior 20 

15 tents, because the structure attained m the to the forming and hardening, the properties 

heat-afEected zone is not sensitive totordrogen of die base material after hardening can be 

embxittlement. The boron steeb listed in the atmirn^ also hx tiie welding joint by using 

special electrodes adapMted to the boron steels. 
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WHAT WE CLAIM IS:— 

1. A metiiod of inanufa^uiuig a liaxdeaed 
sted aitide, in vfaicfa a blank of hardeDable 
steel is heated to hazdeomg temperature and 

5 thareafter jrfaced in a fozmmg apparatus in 
wMch the blank is f oxitted to tlie desiied finaT 
shape by being subjected to substantial dt- 
fonnaticm and sinuiltaneous rapid cooEag, such 
diat a martensitic and/or bamitic structmt is 
10 obtained while the blaiik remains in the form- 
ing a{^ar8tu% which serves as a gauge for 
p iie ven tiTig distortion of the blank. 

2. A method as claimed in claim 1» in which 
the blank is heatsd to a tempetatuxe above 

15 Aa 

3. A mediod as claimed in datm 2, in which 
the said temperature is between 775^ C and 
1000*" C 

4. A method as claimed in any of daims 1 to 
20 3j in whidi deformation and cocding aie canied 

out so rajudly that a £ne-graxn maxtenshic 
and/or bamitic stnictore is obtained 

5. A method as daimed in an^ of tiie pre- 
cedbxg claims^ in which foxmizxg is caxzied out 

25 between two tools, ^ch are pressed together 
rapidly. 

6. A method as claimed in oiy <tf daims 1 
to ^ in whidi forming is carded out against 
one tool by means of a pressure Tnedhim. 

30 . 7. A mediod as daimed in urfr of the pr^ 
ceding claims^ in wUdi die nmid cooling oon- 
tiniies after def onnation has been completedj 
the blank xemahdng in the foimlQg maratus. 

8. A mediod as darned in amr (tf me pie- 
3S ceding claims, in wUdi cooling u e&ctea by 

cooling parts of fbs. forming apparatus. 

9. A method as claimed m any of the pre- 
ceding daims, in whidi coding is effected by 



contactfaig the blank dixecciir with a coolanL 

10. A method as daimni in any of the pre- 40 
ceding claims, M whidi the blank is of imifeim 
thickness. 

11. A method as claimed in claim 10, in 
whidi the thfckness of the formed arride at 
any point differs from the thickness <rf the 45 
blank by at most 25% of the thickness of the 

IZ A method as claimed in any of the pre- 
ceding claims^ in whidi ttit hardenable sted 
oontams, by wei^ less than 0.4% carbon, so 
OS to Z0% manganescy at marfmiim 0.05% 
d[io^)horus and at maYrmnm 0.05% sulphur, 
0.1 to 0.5% dmanium and/or 0.05 to 0J% 
molj^bdenum, up to 0.1% titanium, 0.0005 to 
0.1% boron, and iq> to 0.1% altrmfnlniTii die 55 
balance bdng iron find io^mxtiea mchiding 
silicon. 

13. A method as rbimfd in claim 12, in 
which the stcd contains, weight kss than 

or equal to 0.25% (preferably 0.15 to 0.25%) GO 
carbon, 0.5 to 1J% (prefieiably 0.7 to 1 J%; 
mnngmintp, at maximum 0.03% i^io^oms 
and at maximum 0.04% sdphur, 0.1 to 03% 
doomium and/or 0.05 to 03% molybdemmij 
0.02 to 0,1% (preferably 0.02 to 0.05%) 65 
dtanhim, 0.0005 to 0.007% (pteferably 0.0005 
to 0.005%) boron, and 0,05 to 0.1% .{pic- 
ferably 0.03 to 0.07%) ahmimtnm. 

14. A rn^od of manufacturing a hardened 
sted article substantially as described herein 70 
with xeferenoe to die Exanmle. 

15. A hardened iced artlde manufactured by 
a method according to any of the preceding 
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